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By Rick Lindquist, NIRL 
Senior News Editor 


Recently I was scanning the automobile 
ads—a vain exercise in wishful thinking— 
when I spotted a writeup for the latest model 
of my current vehicle. Some of the features 
of the 1999 model were exactly the ones I*d 
often wished my car possessed. My vehicle 
was the first of its line, however. 

_ This got me thinking about the time | 
bought my first 2-meter all-mode transceiver 
back when | was active on the satellites. It 
was a fine little transceiver, and I only re- 
cently parted company with it. But I never 
quite got over the fact that not six months 
afier I'd bought my latest and greatest radio, 
the manufacturer came out with a new and 
improved version that incorporated all the 
features I'd come to wish thai my rig had. 

By now it should come as no surprise that 
I own an “original” IC-706 transceiver. We 
“original” owners have become greener with 
envy with each incarnation of the IC-706 
line. Some have happily “traded up.” Since 
the “original” debuted in 1995 to the oohs 
and aahs of the Amateur Radio community, 
ICOM has continued to up the ante (but not 
the price) almost each succeeding year, al- 
most like model years in the auto industry. 
But while the Amateur Radio industry is not 
like the auto industry, ICOM has distin- 
guished itself in recent years by trumping its 
own aces and by correcting in subsequent 
models shoricomings that we have revealed 
during the course of our product reviews. 

Geiling yet another look ai this hugely 
popular model gave us the opportunity to dig 
a bit more deeply into the basic unit, and 
10 see how the various enhancements over 

. the subsequent two models have made the 
1C-706 a better radio. 

So, il is trade-in lime again? Let's see 
what the IC-706MKIIG brings to the table. 


What's New, Pussycat? 

The primary new features of the MKIIG 
are the addition of the 70-cm band, the inclu- 
sion of DSP, and more power—50 W—on 
2 meters (history buffs will recall the original 
*706 put oul 10 W on 2, the MKII 20 W). Yes, 
there are some other features thal some users 
will consider significant or important, but for 
most folks, these are the big three. We'll get 
to the others in due course. They are largely 
incremental improvements, however. 

DSP was an approximately $150 option 


in the initial MKIJ. Now, it’s standard. If 


for nothing other than competitive reasons, 
this was a wise move on ICOM’s part. We 


Edited by Joe Bottigtieri, AATGW ¢ Assistant Technical Editor 


ICOM IC-706MKIIG HF/VHE/UHF Transceiver 


recently praised the Yaesu FT- 100 for hay- 
ing superb DSP features—including the 
ability to digitally tailor your transmit 
audio on SSB—something you won't find 
on the MKIUG. The DSP features on the 
IC-706MKIHG are not quite as rich, but they 
are compeient as far as they go. 

‘The DSP menu offers two primary fea- 
lures: noise reduction and an autonoich 
filler to zap heterodynes while operating 
SSB. The IC-706MK]G lets you adjust the 
level of noise reduction you prefer. While 
overall noise reduction was measured in the 
vicinity of 10 dB, as with the FT-100 we 
found a bit of rolloff at the high end plus a 
substantial amount of frequency ripple. 
With the NR cranked up full tilt boogie on 
SSB, the digital processing noise becomes 
much more apparent—even annoying at 
limes. But, it might very well be far less 


Bottom Line 


With the addition of yet another 
band (70 cm), more power on 2 meters 
and the incremental improvements 


made with each new version of this 
popular transceiver, perhaps the '706 
has reached its zenith. There’s not 
much left to improve. 


annoying than the noise you're trying to 
reduce, so it’s one of those trade-offs. 

One characteristic where the DSP in the 
*706 excels is the autonoich. Lab measure- 
menis revealed a notch depth for a single tone 
al greater than 50 dB. This is considerably bet- 
ter than the 20 dB notch depth on the FT-100. 

Something new for FM-lovers: The 
MKIIG lets you set the “automatic” splits 
for repeater operation for HF, 50, 144 and 
430 MHz, areal plus (or repeater users. These 
seilings are part of the initial set mode menu. 
This split is the one you'll get when you 
press the DUP buiton in FM mode. The 
IC-706MKIIG “knows” the split direction 
too, depending upon the band segment. 

The MKIIG also includes tone scan capa- 
bility—something that’s optional in the near- 
est competitor, the FT-!00. The Instruction 
Manual is a little unclear about this, but you 
have to be in repeater mode and have TON 
enabled. 

The SWR Graph mode is a new and po- 
tentially useful feature that generates a little 
graphic representation of your SWR over a 
seleciable range of HF or 6-meter frequen- 
cies. The menu leis you set the number of 
sample points to graph (3, 5, 7 or 9) and the 
step size between each point (10, 50, 100 or 
500 kHz). The resulting “graph” is a set of 
vertical bars. The number of bars corre- 
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Table 1 
ICOM IC-706MKIIG, serial number 01674 
Manufacturer’s Claimed Specifications 


Frequency coverage: Receive, 0.03-200, 400-470 MHz; 
transmit, 1.8-2, 3.5-4, 7-7.3, 10.1-10.15, 14-14.35, 
18.068-18.168, 21-21.45, 24.89-24.99, 28-29.7, 
50-54, 144-148, 430-450 MHz. 

Power requirement: Receive, 2.0 A; transmit, 20 A. 


Modes of operation: SSB, CW, AM, FM, AFSK, WFM 


_ (WEM receive only). 


Aeceiver 

SSB/CW sensitivity, bandwidth not specified, 
10 dB S/N: 1.8-30 MHz, <0.15 <V; 50-54 MHz, 
<0.12 <V; 144-148, 430-450 MHz, <0.11 <V. 


AM sensitivity, 10 dB S/N: 0.3-1.8 MHz, <13 <V; 


Measured in the ARAL Lab 


Receive, as specified; transmit 1.8-2, 3.5-4.1, 6.9-7 
13.9-14.5, 17.9-18.5, 20.9-21.5, 24.4-25.1, 28-30, 
144-148, 430-450 MHz. 


Receive, 1.4 A; transmit, 21 A. Tested at 13.8 V. 


As specified. 


Receiver Dynamic Testing 


Noise floor (mds), 500-Hz filter: 


1.0 MHz 
3.5 MHz 
14 MHz 
50 MHz 
144 MHz 
432 MHz 


Preamp off 
—124 dBm 
-—137 dBm 
—136 dBm 
-—139 dBm 
-—138 dBm 
-—138 dBm 


Preamp on 
-—130 dBm 
—142 dBm 
—142 dBm 
—142 dBm 
—142 dBm 
—143 dBm 


10 dB {S+N)/N, 1-kHz tone, 30% modulation: 


1.8-30 MHz, <2 <V; 50-54,144-148, 430-450 MHz, <1 <V. Preamp off Preamp on 
1.0 MHz 3.3 uV 1.7 nV 
3.8 MHz 0.68 pV 0.44 uV 
50 MHz 0.25 uV 0.21 pV 
120 MHz 0.91 uv 0.39 Vv 
144 MHz 0.68 uV 0.39 nV 
432 MHz 0.67 pV 0.37 pV 
FM sensitivity, 12 dB SINAD: 28-30 MHz, <0.5 <V; For 12 dB SINAD: 
50-54 MHz, <0.25 <V; 144-148, 430-450 MHz, <0.18 <V. Preamp off Preamp on 
29 MHz 0.39 pV 0.20 pV 
52 MHz 0.25 uv 0.17 uv 
146 MHz 0.29 pV 0.16 uv 
440 MHz 0.29 pV 0.16 nV 
Blocking dynamic range: Not specified. Blocking dynamic range, 500-Hz filter: 
Preamp off Preamp on 
3.5 MHz 125 dB 118 dB 
14 MHz 122 dB“ 120 dB* 
50 MHz 116 dB* 112 dB" 
144 MHz 111 dB* 101 dB* 
432 MHz 109 dB“ 106 dB* 
Two-tone, third-order IMD dynamic range: Not specified. Two-tone, third-order IMD dynamic range, 500-Hz filter: 
Preamp off Preamp on 
3.5 MHz 89 dB 87 dB 
14 MHz 89 dB 86 dB 
50 MHz 89 dB 82 dB 
144 MHz 88 dB" 83 dB 
432 MHz 85 dB 82 dB 
Third-order intercept: Not specified. Preamp off Preamp on 
3.5 MHz -3.4 dBm -13 dBm 
14 MHz —1.3 dBm —11 dBm 
50 MHz -4.9 dBm -15 dBm 
144 MHz -3.0 dBm —16 dBm 
432 MHz -8.7 dBm -—18 dBm 


Second-order intercept: Not specified. Preamp off, +36.4 dBm; preamp on, +38.5 dBm. 
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Figure 3—CW keying waveform for the 
IC-706MKIIG showing the first two dits in fuil- 
break-in (QSK) mode using external keying. 
Equivalent keying speed is approximately 

60 wpm. The upper trace is the actual key 
closure; the lower trace is the RF envelope. 
Horizontal divisions are 10 ms. The transceiver 
transceiver was pang operales at 100 W transceiver was being operated at 50 W was being operated at 100 W output at 14.2 MHz. 
PEP output at 21.25 MHz. PEP output at 144.2 Watiz. Note the considerable shortening of both dits. 
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Figure i—Worst-case HF spectral display 
of the 1C-706MKIIG transmitter during two- 
tone intermodulation distortion (IMD) 
testing. The worst-case third-order product 
is approximately 30 dB below PEP output, 
and the worst-case fifth-order product is 
down approximately 33 dB. The 


Figure 2—Worst-case VHF/UHF spectral 
display of the IC-706MKIIG transmitter 
during two-tone intermodulation distortion 
{IMD) testing. The worst-case third-order 
product is approximately 25 dB below PEP 
output, and the worst-case fifth-order 
product is down approximately 40 dB. The 
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Manufacturer's Claimed Specifications 
FM adjacent channel rejection: Not specified. 


FM two-tone, third-order IMD dynamic range: Not specified. 


_ S-meter sensitivity: Not specified. 


Squeich sensitivity: SSB, <5.6 <V; FM, <0.3 <V. 


Receiver audio output: 2.0 W at 10% THD into 8 Q. 
\F/audio response: Not specified. 


- Spurious and image rejection: 1.8-30 MHz, 70 dB; 


50-54 MHz, image rejection, 65 dB, IF rejection unspecified; 
144-148, 430-450 MHz, IF and image rejection, 65 dB. 


Transmitier ; 


Power output: HF & 50 MHz: SSB, CW, FM, 100 W 
AM, 40 W (high); 144 MHz, 50 W (high); 
AM, 20 W (high); 430 MHz, 20 W (high); 
AM, 8 W (high). 


Spuricus-signal and harmonic suppression: 850 dB 
on HF; 260 dB on VHF & UHF. 


Measured in the ARAL Lab 
20 kHz channel spacing, preamp on: 29 MHz, 66 dB; 52 MHz, 


64 dB; 146 MHz, 70 dB; 440 MHz, 71 dB. 


20 kHz channel spacing, preamp on: 29 MHz, 66 dB*; 52 MHz, 


64 dB*; 146 MHz, 70 dB*; 440 MHz, 75 dB; 10 MHz channel 
spacing, preamp on: 52 MHz, 91 dB; 146 MHz, 78 dB; 
440 MHz, 80 dB. 


SS signal at 14.2 MHz: preamp off, 34 pV; preamp on, 11 pV; 


52 MHz, preamp off, 14 wV; preamp on, 6.6 wV; 146 MHz, 
preamp off, 18 uV, preamp on, 4.1 pV; 432 MHz, 
preamp off, 17 pV, preamp on, 5.7 pV. 


At threshold, preamp on: SSB, 14 MHz, 1.4 wV; FM, 29 MHz, 0.11 pV; 


52 MHz, 0.06 uwV; 146 MHz, 0.06 pV; 440 MHz, 0.06 pV. 


2.1 W at 10% THDinio 8 Q. 
Range at -6dB points, (bandwidth): 


CW-N (500 Hz filter); 200-1000 Hz (800 Hz); 
CW-W: 182-3077 Hz (2895 Hz); USB-W: 182-3077 Hz (2895 Hz); 
LSB-W: 182-2667 Hz (2485 Hz); AM: 275-2860 Hz (2585 Hz). 


First IF rejection, 14 MHz, 120 dB; 50 MHz, 54 dB; 144 MHz, 64 GB; 


432 MHz, 108 dB; image rejection,i4 MHz, 112 dB; 50 MHz, 121 dB; 
144 MHz, 71 dB; 432 MHz, 80 dB. 


Transmitter Dynamic Testing 
HF & 50 MHz: CW, SSB, FM, typically 103 W high, <1 W low; 


AM typically 29 W high, #1 W low; 144 MHz: CW, SSB, 
FM, typically 53 W high, a1 W low; AM, typically 19 W high, 
#1 W low; 430 MHz: CW, SSB, FM, typically 20 W high, 

<1 W low; AM, typically 6 W high, #1 W low. 


HF, 53 dB; 50 MHz, 67 dB; 144 MHz, 61 dB; 430 MHz, 68 dB. 


Meeis FCC requirements for spectral purity. 


SSB carrier suppression: 240 ee AS specified. >59 dB. Expanded Product Review Report Available 
Undesired sideband suppression: >50 dB. As specified. >64 dB. The ARRL Laboratory offers a detailed test 
Third-order intermodulation distortion (IMD) products: Not specified. See Figure 1. result report on the |COM IC-706MKI/G that gives 

, Pe in-depth, technical data on the transceiver's perfor- 
CW keyer speed range: Not specified. 6 to 50 WPM. mance. Request the /C-706MKIG Tesi Result Re- 
CW keying characteristics: Not specified. See Figure 3. port from the ARRL Technical Department, 860- 
Transmit-receive turn-around time (PTT release to 50% S9 signal, 21 ms. 594-0278; e-mail :orovsngn Zatcicas, Members 

audic output): Not specified. 


can ses this on-line on our Members Only Web site. 
Receive-transmit turn-around time {tx delay): Not specified. SSB, 20 ms; FM, 210 ms. Unit is suitable for use on AMTOR. 
Composite transmitted noise: Not specified. 


See Figures 4 and 5. 
Bit-errer rate (BER), 9600-baud: Not specified. 


146 MHz: Receiver: BER at 12-dB SINAD, 2.2010-3; BER at 
16 dB SINAD, 4.6m10-5; BER at —50 dBm, w1.0n10°5; 
transmitter: BER at 12-dB SINAD, 4.601079; BER at 12-dB 
SINAD + 30 dB, 2.10107. 

440 MHz: Receiver: BER at 12-dB SINAD, 2.38:10-°; BER at 
16 dB SINAD, 8.4410-5; BER at -50 dBm, g11.0010-5; 
transmitter: BER at 12-dB SINAD, 2.8810-8; BER at 12-dB 
SINAD + 30 dB, 1.9810~. 

Size (HWD): 2.38:6.6117.9 inches; weight, 5.4 pounds. 

Note: Unless otherwise noted, all dynamic range measurements are taken at the ARRL Lab standard spacing of 20 kHz. 

*Measurement was noise-limited at the value indicated. 

Third-order intercept points were determined using S5 reference. 


wy 
y 


sponds to the number of sample poinis, the 
height of each bar indicates the SWR at that 
point. This is a very neat feature—especially 
if you’re trying to figure oul where your an- 
lenna system is going wrong. 


What Got Better? 

One of the nice little Llouches on this trans- 
ceiver is how the [F bandwidth icon pops up 
in the menu keys area as soon as you Louch the 
IF SHIFT knob. The bandwidth narrows appro- 
priately if you switch in a narrow filler too. 

Another nice touch is the backlighted but- 
ions. Even the P.AMP/ATT, RIT/SUB and 
TUNER/CALL buttons are visible in darkness. 
When not activated, they emit a dull, orange 
glow. 

An annoying and potentially damaging 
problem that we’ d spotted in the earlier mod- 
els in the IC-706 line appears to have been 
eliminated for the most partin the MKHG. In 
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Figure 5—Worst-case VHF/UHF spectral 
display of the IC-706MKIIG transmitter 
output during composite-noise testing. 
Power output is 20 W at 432.02 MHz. The 
carrier, off the left edge of the plot, is not 
shown. This plot shows composite 
transmitted noise 2 to 22 kHz from the 
carrier. 


Figure 4—Worst-case HF spectral display 
of the IC-706MKIIG transmitter output 
during composite-noise testing. Power 
output is 100 W at 14.02 MHz. The carrier, 
off the left edge of the plot, is not shown. 
This plot shows composite transmitted 
noise 2 to 22 kHz from the carrier. 
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the earlier incarnations, if you cut back the 
power—say to match the required input for 
an amplifier—the transmitter still] would put 
out a very brief “spike” of up to full output 
power when the transmitter was first keyed 
that lasted until the ALC took hold and reined 
in the output to the desired level. Some users 
reported that amplifiers sometimes would 
kick off as a result. ICOM apparently was 


listening. The leading-edge spike on the 


MKIIG is much less prominent and should 
nol cause the same sorts of problems. 


Déja vu 
The IC-706MKUG continues the worthy 
tradition of being an easy-to-use and (almosi as 
important) easy-to-mount subcompact radio. 
As with all the previous *706s, this 
yersion’s control buttons and knobs are logi- 


cally positioned and adequately spaced and 


sized for convenient operation. The tuning 
speed automatically increases with faster 
knob rotation and a well-designed knob spin- 
ner and a drag adjustment lever is provided. 

The built-in speaker in the last two itera- 
tions actually sounds pretty decent. The ther- 
mosiatic control for the cooling fan, also added 
with the MKII model, was a welcome improve- 
ment—especially for fixed-siation operation. 

ICOM offers a nice selection of optional 
IF filters. Two slots are available (up from 
one in the original *706), and the plug-in 
sockeis make the filters easy to install or 
swap oul. 

Unlike the competition, the radios in the 
‘706 series only require a single quick-re- 
lease separation cable for remote mounting 
of the control head. The head includes a con- 
nection point for the mike, and a switch on 
the back of the front panel allows you to use 
the “phones” jack for either headphones or 
an external speaker. This is a real conve- 
nience if you intend to use the radio in mul- 
liple applications. 

Two notable weak points present in both 
of the earlier units, unfortunately, have also 
remained unchanged in the G. 

From the advent of the IC-706 series, one of 
the things we'd complained about was fact that 
turning on the noise blanker can impart a lot of 
crackling artifacis, especially ona busy band or 
in the presence of nearby strong signals. Yes, 
it does work to eliminate pulse noise—I 
checked if oul on the engine noise of passing 
yessels while operating marine mobile one 
weekend, and it worked just fine. Only when 
the band started to fill up a bit later did I start 
hearing the characteristic crackling noise—and 
realize I'd left the NB on. 

The AGC is another thing that’s the same 
across the entire model line. It can be fast or 
slow (no display indication means it’s in the 
slow mode), but not off. For my tastes, the 
fast AGC is too fast for comfortable SSB lis- 
tening, and | wasn’t crazy about it for CW 
either. My tendency was to leave the AGC in 
the slow mode at all times. The AGC is ac- 
cessible via the main menu. 


Multiple Menus 
First-time users of the IC-706MKIUG (or 
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of any of the *706 lineage, for that matter) 
will encounter a bit of a learning curve get- 
ling used to all the menus. The IC-706MKIIG 
has not one, not two, but four menus; unfor- 
tunately, the Jnstruction Manual does not 
cover all of them in the same place. Let’s 
take a look at the layers of menus. 

First, there’s the “M” menu—a primary 
menu set that includes four sets of three 
choices apiece. These have not changed from 
the previous model. Successive quick presses 
of the DISP button get you to the “S” menu 
and the “G” menu. The S menu includes the 
Memo Pad, the Scan Func, the B.S.R. (band- 
stacking registers), and the D.S.P. functions. 
The G menu includes the Band Scope, an 
SWR Graph mode, a TX Freq readout mode, 
and a Memory Name mode. 

But wail, there’s more: press and hold 
the DISP buiton and you get to the “Q” or 
“Quick Set” menu, which sets a variety of 
mode-related functions in addition lo power 
output. There are some changes in this menu 
sel, owing to the fact that ICOM has shifted 
some settings thal were manual adjusiments 
on the MKII are now menu adjustments on 
the MKIIG. The VOX GAIN and ANTI VOX 
used to be little trimpot adjustments on the 
side of the transceiver. Putting them into 
the Quick Set menu is a giant step toward 
greater convenience. The only trimpots on 
the side of the radio now are COMPression 
GAIN and the BEEP/SIDE Tone adjustments. 

To top it all off, the 706 series provides 
what's called an “Initial Set” menu. The Ini- 
tial Set menu in the MKIIG contains 37 
choices as opposed to 28 in the MKIL, so there 
are some changes in the Initial Sei menu from 
the previous model. One possibly convenient 
setling—it's the first one in this set of adjust- 
menits—is called Mode Select. It lets you 
inhibit the selection of unneeded modes. This 
eliminates the admittedly minor annoyance 
of having to step through, say, RTTY. when 
swilching modes when you have no intention 
of operating RTTY. 

Since the buttons now are backlighted on 
the MKIIG, the Initial Set menu provides a 
way to set the backlighting at either the HI or 
LO brightness level. 

The MKIIG is 9600 bps capable; you set 
the packet speed—1200 bps or 9600 bps— 
via the Initial Set menu. In the 9600 bps set- 
ling, the signal from the TNC passes through 
an internal limiter to maintain bandwidth. 
This brings up another new item from the 
previous model. The MKIIG has a new 6-pin 
mini-DIN DATA jack on the rear apron for 
packet connections to a TNC for either 1200 
bps or 9600 bps operation. 

Something that's really handy for FM 
repeater ops is that the Initial Set menu on 
the MKIIG also lets yon select a DUP off- 
set—+9.999 MHz—to set the siandard re- 
peater split on HF, 50, 144 and 430 MHz. 
You still can set a standard split that you 
then can retrieve al the push of a menu func- 
tion buiton. 

Once enabled via the Initial Set menn, 
the DUP offset makes available the one- 
touch repeater function. As it suggests, it 


allows you to sel repeater operation with 
the push of one switch. 

Something new on the MKIIG, the auto 
repeater fimction, also is enabled via the Ini- 
lial Set menu. This automatically activates 
the repeater settings (duplex direction and 
tone encoder on or off} when the operating 
frequency is within a repeater subband. This 
means, for example, that the duplex direc- 
lion automatically will be + if you‘re in the 
147 MHz range of 2 meters and within the 
repeater subband. 

The upside of the individual menus is 
that not all items are in one big menu and, as 
aresull, are more accessible. The downside 
is that all menu ilems are not in one big 
menu. It can be difficult to remember which 
menu function is where, and the groupings 
are nol always intuilive. In addition to other 
information, the convenient Operating 
Guide that accompanies the manual in- 
cludes a Menu Switch Flow Chart that 
certainly is a step in the right direction to 
simplifying matters. 


Let’s do the Numbers 

In performance terms, did anything im- 
portant change between the MKII and the 
MKIIG? SSB and CW sensitivity numbers 
are about the same across the board—HF 
and VHF. The 70-cm band falls into the 
same ballpark as well. Blocking dynamic 
range was slightly better—as much as 
12 dB better and not noise-limited on 3.5 
MHz this time. 

Two-tone, third-order IMD dynamic 
range measurements were ever so slightly 
better than the previous model—and only 
noise-limited on 144 MHz this time, not on 
all bands. There was one difference. On the 
MKII we looked at early last year, third- 
order intercept had been in the positive 
numbers (preamp off) on 3.5 and 14 MHz. 
All third-order intercept numbers were 
negative on our MKIIG. 

AM sensilivily appeared to be signifi- 
cantly improved on the MKIIG we tested. 
On 3.5 MHz, it went from 1.0 pV to 0.68 
wV. In the aircraft band, it went from 2.0 
LV to 0.91 WV. FM sensilivity numbers 
between the MKII and the MKIIG were 
comparable on 50and 144 MHzand slightly 
betier on 10 meters. 


CW Keying 

In the two earlier IC-706 models, we'd 
noted some limitations on the CW keying. 
especially when transmilting al speeds in ex- 
cess of around 30 WPM using full-break-in, 
with or without the internal CW keyer. Our 
Lab measurements (see Figure 3) backed up 
the on-air reports we'd received of clipped 
characters. Dits were all shortened with high- 
speed keying. In thesemi-break-in mode, only 
the first dit was shortened. 

The on-air reports I received from my 
CW connoisseurs on 40 meters were not 
especially flattering of the IC-706MKIIG 
while using full-break-in and the internal 
keyer at or above 30 WPM or so. By the 
way, the IC-706MKIIG menu reads out CW 
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sending speed using the aciual number (or 
a rough approximation) of words per 
minute. On the FT-100, you have to guess, 
since the number is only arelative indicator 
of sending speed. 


Compared to the Competition 


- The IC-706MKIIG seemed to appear in 
response to the Yaesu FT-100, the first ra- 


dio of the subcompact genre to offer the 70- 


em band and announced at Dayton 
Hamvention 1998. Their features and street 
prices are similar, but there are some differ- 
ences that go beyond the merely cosmetic. 
Whether these will matter to you depends a 
lot on how you plan to use the radio. We'd 
strongly suggest you take a close look at the 
product review for the Yaesu FT-100 (see 


“Product Review.” OST, Jun 1999) as well 
as our earlier reviews of the IC-706 (see 
“Product Review,” OST, Mar 1996) and the 
IC-706MKII (see “Product Review,” OST, 
Jan 1998). Pay especially close attention to 
the numbers in the respective technical data 
tables from our ARRL Lab testing. 

Some of the things we like on the 
IC-706MKII side: a single remoting cable 
that snaps to the faceplate and to the radio 
body; dual microphone connections; bulk- 
head-type SO-239 antenna jacks; and a rela- 
lively quiet cooling fan. 


The Final Chapter? 

Overall, this latest IC-706 incarnation is 
a competent transceiver for mobile or por- 
table operation. The incremental improve- 


ments in this version give rise lo speculation 
that, with the MKJIG, ICOM has written the 
final chapter in this line of little transceivers. 
There’s not much left to improve. 

Manufacturer: 1COM America, 2380 116 
Ave NE, Bellevue, WA 98004, tel 425- 
454-8155; fax: 425-454-1509; hittoi/wwn. 
IOeGRSISIAS.C ss, Manufacturer's suggested 
retail price: IC-7O06MKIIG, $1680. Typical 
current street price, $1390. MB-62 mobile 
mounting bracket, $25; OPC-581 separation 
kit, $60; MB-63 front panel mounting bracket, 
$18; FL-100 500-Hz CW filter, $133; FL-101 
270-Hz CW filter, $133; FL-103 2.8-kHzSSB 
filter, $123; FL-223 1.9-kHz narrow SSB fil- 
ter, $105; FL-232 350-Hz RTTY/CW (filter, 
$113; CR-502 high-stability crystal unit, $95; 
UT-102 voice synthesizer, $74. 


The AOR AR7000B Wide Range Communications Receiver 


Reviewed by Joe Bottiglieri, AAIGW 
Assistant Technical Editor 


Of ali the advances that we've seen in 
communications equipment over the last few 
decades, perhaps the most noticeable 
changes are in control and display technol- 
ogy. The AOR AR7000B wide range scan- 
ning receiver uses a 3.1-inch diagonally 
measured rectangular color LCD display— 
similar to those used in handheld television 
receivers—to provide a new level of flexibil- 
ily in alphanumeric text and graphics display. 

All front panel controls, with the excep- 
tion of the main tuning dial, are push buttons. 
An infrared remote control is included, and 
allows duplicate control of nearly all of the 
froni panel operations. 

While the bright, busy, colorful display is 
certainly the first aspect of this unit that 
catches the eye, this receiver also sports an 
extensive list of capabilities and features that 
should attract the attention of those whose 
radio listening interests might range nearly 
anywhere between de and daylight. (OK, so 
I'm exaggerating a bit—100 kHz to 2000 
MHz, cellular blocked, of course.) Modes 
include WFM, FM, AM, CW, USB and LSB. 


Geiting Started 


The programming scheme used in this 
radio is really quite unique—for a commumi- 
calions receiver that is... If your VCR has 
been Mashing “12:00 PM” since the day you 
plugged it in, perhaps this is not the radio for 
you. 

Several different menus and submenus 
are used to configure general operaling pa- 
rameters; to set the clocks and timers; to pro- 
gram the individual memories; to assign fre- 
quency limits for searches; 1o sel upper and 
lower memory positions for programmed 
scans and to input alphanumeric tags. These 
appear on the screen in much the same for- 
mat as the programming menus On most cur- 
rent VCRs and television sets. Each menu 
screen contains a list of related setlings— 
move a cursor to the setting you wish to 
change and press the ENTer key. This gives 


you access to a submenu, or puis you in po- 
sition to input digits with the keypad. Some 
seltings—mode and bandwidth for ex- 
ample—trequire stepping through a group of 
choices with the main tuning knob or the + 
and — buttons on the remote. Once you get a 
feel for it, it's really quite simple. 

The receiver includes two separate VFOs 
and a memory mode. 100 channels in 15 
banks provide plenty of storage for your fa- 
vorile frequencies. Alphanumeric. tagging, 
up to 7 characters (practically a necessity 
with 1,500 memories), lets you easily keep 
track of your stored information. Each 
memory/bank location retains the frequency, 
thememory name, the AGC setting, the mode 
and the IF bandwidth settings—and displays 
them all simultaneously (see Figure 6). 

After tuning around a bit and catching 
some action in the VFO mode, it won't be 
long before you'll want to try programming 


Bottom Line 
A combination of cutting-edge dis- 
play technology and impressive spec- 


trum agility make the AR7000B an 
attractive and versatile tool for the wide- 
range communications enthusiast. 


a few frequencies into the memories. Press 
and hold the EDIT/. key on the front panel to 
bring up the “Memory Function” menu (see 
Figure 7}. Here you'll find menn items that 
let you edit or delete memories—or copy, 
move or swap memory information. The 
memory menu is only accessible using the 
front panel mounted EDIT/. key. This key is 
not included on the remote. 


Search and Scan 

In addition to the typical scan and search 
operations, the *7000B also includes eight 
search and eight scan memories. 

Press and hold the SEARCH/ button and 
the “Program Search” menus appear. You use 
the main tuning dial or the + and - TUNE 
buttons on the remote to move between the 
search memories. You can program into each 
a search name (40 Mtrs for example), stop 
and start frequencies, scan direction, tuning 
step size, mode, bandwidth and scan pause 
duration. Hit the RUN/BRK key and a band 
scope display appears (see Figure 8). The 
receiver then searches the range, graphically 
displaying the relative signal strength and 
pausing on active frequencies. There’s even 
a selling thal can automatically store up to 
100 active frequencies into your choice of 
memory banks. 
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List of Tests: 


(Page numbers are omitted because the length of the report varies from unit to unit.) 
Introduction 


Transmitter Tests: 

Transmit Output Powe 
Current Consumption 
Transmit Frequency Range 
Spectral Purtt 

Transmit Two-Tone IMD 
Carrier and Sideband Suppression 
CW Keying Waveform 
Transmit Keyer Speed 
SSB/FM Transmit Dela 
Transmit/Receive Turnaround 
Transmit Composite Noise 


Receiver Tests: 

Noise Floor (Minimum Discernible Signal) 
Receive Frequency Range 

AM Sensiti vit 

FM Sensitivit 

Blocking Dynamic Range 

Two-Tone, Third-Order Dynamic Range and Intercept Point 
Two-Tone, Second-Order Intercept Point 
In-Band Receiver IMD 

FM Adjacent Channel Selectivit 

FM Two-Tone, Third-Order IMD Dynamic Range 
Image Rejection 

IF Rejection 

Audio Output Power 

IF + Audio Frequency Response 

Sguelch Sensitivit 

S-Meter Accuracy and Linearit 

In-Band Receiver IMD 

Notch Filte 

Audio Filte 

Receiver bandpass 


Follow-up Tests: 

Temperature Chamber Test Description 
Duty Cycle Test Description 

Appendi 


Comparative Table 
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Introduction: 


This document summarizes the extensive battery of tests performed by the ARRL Laboratory for each unit that is featured in 
OST “Product Review." For all tests, there is a discussion of the test and test method used in ARRL Laboratory testing. Fo 
most tests, critical conditions are listed to enable other engineers to duplicate our methods. For some of the tests, a block 
diagram of the test setup is included. The ARRL Laboratory has a document, the ARRL Laboratory Test Procedures 
Manual, that explains our specific test methods in detail. This manual includes test descriptions similar to the ones in this 
report, block diagrams showing the specific equipment currently in use for each test, along with all equipment settings and 
specific step by step procedures used in the ARRL Laboratory. While this is not available as a regular ARRL publication, the 
ARRL Technical Department Secretary can supply acopy at a cost of $20.00 for ARRL Members, $25.00 for non-Members, 
postpaid. 


Most of the tests used in ARRL product testing are derived from recognized standards and test methods. Other tests have been 
developed by the ARRL Lab. The ARRL Laboratory test equipment is calibrated annually, with traceability to National 
Institute of Standards and Technology (NIST). Most of the equipment is calibrated by a contracted calibration laboratory. 
Other equipment, especially the custom test fixtures, is calibrated by the ARRL Laboratory Engineers, using calibrated 
equipment and standard techniques. 


The units being tested are operated as specified by the equipment manufacturer. The ARRL screen room has an ac suppl 

that is regulated to 117 or 234 volts. If possible, the equipment under test is operated from the ac supply. Mobile and 
portable equipment is operated at the voltage specified by the manufacturer, at 13.8 volts if not specified, or from a full 
charged internal battery. Equipment that can be operated from 13.8 volts (nominal) is also tested for function, output powe 
and frequency accuracy at the minimum specified voltage, or [1.5 volts if not specified. Units are tested at room temperature 
and humidity as determined by the ARRL HVAC system. Also, units that are capable of mobile or portable operation are 
tested at their rated temperature range, or at —10 to +60 degrees Celsius in a commercial temperature chamber. 


ARRL Product Review testing typically represents a sample of only one unit (although we sometimes obtain an extra unit o 
two for comparison purposes). This is not necessarily representative of all units of the same model number. It is not 
uncommon that some parameters will vary significantly from unit to unit. The ARRL Laboratory and Product Review edito 
work with manufacturers to resolve any deviation from specifications or other problems encountered in the review process. 
These problems are documented in the Product Review. 


Units used in Product Review testing are purchased off the shelf from major distributors. We take all necessary steps to 
ensure that we do not use units that have been specially selected by the manufacturer. When the review is complete, the unit 
is offered for sale in an open mail bid, announced regularly in QST. 


Related ARRL Publications and Products: 


The /999 ARRL Handbook for Radio Amateurs has a chapter on test equipment and measurements. The book is available fo 
$32.00 plus $6 shipping and handling. The Handbook is also now available in a convenient, easy to use CD-ROM format. In 
addition to the complete Handbook text and graphics, the CD-ROM includes a search engine, audio clips, zooming controls, 
bookmarks and clipboard support. The cost is $49.95 plus $4.00 shipping and handling. You can order both versions of the 
Handbook from our web page at http://www.arrlorg, or contact the ARRL Publications Sales Department at 888-277-289 
(toll free). It is also widely stocked by radio and electronic dealers and a few large bookstores. 


The ARRL Technical Information Service has prepared an information package that discusses Product Review testing and the 
features of various types of equipment. Request the “What is the Best Rig To Buy" package from the ARRL Technical 
Department Secretary. The cost is $2.00 for ARRL Members, $4.00 for non-Members, postpaid. 


Many QST "Product Reviews" have been reprinted in three ARRL publications: The ARRL Radio Buyers Sourcebook (order 
#3452) covers selected Product Reviews from 1970 to 1990. The cost is $15.00 plus $4.00 shipping and handling. The 
ARRL Radio Buyers Sourcebook Volume 1 (order #4211) contains reprints of all of the Product Reviews from 1991 and 
992. The cost is $15.00 plus $4.00 shipping and handling. The VHF/UHF Radio Buyer’s Sourcebook (order #6184) 
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contains nearly 100 reviews of transceivers, antennas, amplifiers and accessories for VHF and above. You can order these 
books from our Web page or contact the ARRL Publications Sales Department to order a copy. 


OST is also available on CD ROM! The ARRL Periodicals CD ROMs (1998, order #7377; 1997, order #6729; 1996, order 
#6109 and /995, order #5579) each contain a complete copy of all articles from a year’s worth of QST, the National Contest 
Journal and QEX (ARRL's experimenter's magazine). Each CD is available for $19.95 plus $4.00 for shipping and 
handling. Contact the ARRL Publications Sales Department to order a copy. 


Older issues of OST are also available: QST View CD-ROMs come in sets covering either five years each (1960-1964 through 
1990-1994), ten years each (1930-1939, 1940-1949 and 1950-59) or more (1915-1929). The price for each set is $39.95. 
Shipping and handling for all ARRL CD ROM products is $4.00 for the first one ordered, $1.00 for each additional set 
ordered at the same time. 


Additional test result reports are available for: 


Alpha Power 
Ameritron 
ICOM 


IC-756 
IC-775DSP 
1IC-821H 
NRD-535 
TS-570D 
TS-870S 
HF-2500DX 
Centaur 
Omni VI + 
FT-100 
FT-847 
FT-920 
FT-1000MP 


The cost is $7.50 for ARRL Members, $12.50 for non-Members for each report, postpaid. ARRL Members 
can obtain any three reports for $20.00, postpaid. 
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Transmitter Output Power: 


Test description: One of the first things an amateur wants to know about a transmitter or transceiver is its RP output power. 
The ARRL Lab measures the CW output power for every band on which a transmitter can operate. The unit is tested across 
the entire amateur band and the worst-case number for each band is reported. The equipment is also tested on one or more 
bands for any other mode of operation for which the transmitter is capable. Typically, the most popular band of operation fo 
each mode is selected. Thus, on an HF transmitter, the SSB tests are done on 75 meters for lower sideband, 20 meters fo 
upper sideband, and AM tests are done on 75 meters, FM tests are done on 10 meters, etc. This test also compares the 
accuracy of the unit's internal output-power metering against the ARRL Laboratory's calibrated test equipment. 


The purpose of the Transmitter Output -Power Test is to measure the de current consumption at the manufacturer's specified 
de-supply voltage, if applicable, and the RF output power of the unit under test across each band in each of its available 
modes. A two-tone audio input, at a level within the manufacturer's microphone -input specifications, is used for the SS 
mode. No modulation is used in the AM and FM modes. 


Many transmitters are de-rated from maximum output power on full-carrier AM and FM modes. In most cases, a | 00-watt 
CW/SSB transmitter may be rated at 25 watts carrier power on AM. The radio may actually deliver 100 watts PEP in AM o 
FM but is not specified to deliver that power level for any period of time. In these cases, the published test-result table will list 
the AM or FM power as being “as specified." 


In almost all cases, the linearity of a transmitter decreases as output power increases. A transmitter rated at 100 watts PEP on 
single sideband may actually be able to deliver more power, but as the power is increased beyond the rated RF output power, 
adjacent channel splatter (IMD) usually increases dramatically. If the ARRL Lab determines that a transmitter is capable of 
delivering its rated PEP SSB output, the test-result table fists the power as being “as specified." 


Key Test Conditions: 
Termination: 50 ohms resistive, or as specified by the manufacturer. 


Block Diagram: 


CAUTION!: Power must only be applicd to the 
attenuator input! Do not reverse input and output 
terminals of the Bird 8329. 


TWo-TORKLE RF Power 


t RI WATYMEER ‘ 
ALDIO Sasi Attenuator & 


Seis 100 WaTIS 100 Waris Dummy Loud 
"TYPICAL TYPICAL Bird 8329 
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103.6 
28.5 carrier 
104.2 
105.1 
104.5 
106.5 
110.5 
102.5 
100.0 
103.4 
105.0 


103.4 


100.8 

99.1 
| 100.9 

98.7 

29.5 carrier 

95.7 

57.9 

57.8 

18.6 carrier 
~ 59.7 
Dp 21.1 
20.9 
5.6 carrier 
19.2 


Notes: 

|. Unit's power meter consists of LED segments; minimum power showed 0 segments Iit. 

2. The unit showed LED segments reaching a fixed display label reading 100 at full power. 

10. Temperature chamber test at -10 degrees Celsius. 

11. Temperature chamber test at +60 degrees Celsius. 

12. Output power test at 12.5 volts de power supply (if applicable). 

99. Temperature chamber tests and low voltage volt tests are performed only for portable and mobile equipment. 
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Current Consumption Test: (DC-powered units only) 

Test Description: Current consumption can be a important to the success of mobile and portable operation. While it is most 
important for QRP rigs, the ARRL Lab tests the current consumption of all equipment that can be operated from a battery o 
{2-14 Vde source. The equipment is tested in transmit at maximum output power. On receive, it is tested at maximum 
volume, with no input signal, using the receiver's broadband noise. Any display lights are turned on to maximum brightness, 
if applicable. This test is not performed on equipment that can be powered only from the ac mains. 


Current Consum ‘ tion: 


ee ee 


Transmit Frequency Range Test: 

Test Description: Many transmitters can transmit outside the amateur bands, either intentionally, to accommodate MARS 
operation, for example, or unintentionally as the result of the design and internal software. The ARRL Lab tests the transmit 
frequency range inside the screen room. The purpose of the Transmit Frequency Range Test is to determine the range of 
frequencies, including those outside amateur bands, for which the transmitter may be used. The key test conditions are to test 
it at rated power, using nominal supply voltages. Frequencies are as indicated on the transmitter frequency indicator o 
display. Most modern synthesized transmitters are capable of operation outside the ham bands. However, spectral purity is 
not always legal outside the hams bands, so caution must be used. In addition, most other radio services require that 
transmitting equipment be type accepted for that service. Amateur equipment is not legal for use on other than amateur and 
MARS frequencies. 


Test Results: 


[ 999 99 MHz 
4.099 99 MHz 
7.499 99 MHz 
10.499 99 MHz 


l. 300 00 MHz 
3.400 00 MHz 
6.900 00 MHz 
9.900 00 MHz 


13.900 00 MHz 


17.900 00 MHz 
20.900 00 MHz 
24.400 00 MHz 
28.000 00 MHz 
50.000 00 MHz 
144.000 00 MHz 
430.000 00 MHz 


14.499 99 MHz 
18.499 99 MHz 
21.499 99 MHz 
25.099 99 MHz 
29.999 99 MHz 
54.000 00 MHz 
148.000 00 MHz 
450.000 00 MHz 
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CW Transmit Frequency Accuracy Test: 
Test Description: Most modern amateur equipment is surprisingly accurate in frequency. It is not uncommon to find 
equipment operating within a few Hz of the frequency indicated on the frequency display. However, some units, notabl 
“analog” units, not using a phase-lock loop in the VFO design, can be off by a considerable amount. This test measures the 
output frequency. Unit is operated into a 50-ohm resistive load at nominal temperature and supply voltage. Frequency is also 
measured at minimum output power, low supply voltage (12 volt units only) and over the operating temperature range 
(mobile and portable units only). Non-portable equipment is not tested in the temperature chamber. 


14.000 00 MHz 


14.000 00 MHz 14.000 003 MHz 
14.000 00 MHz 14.000 019 MHz 
14.000 00 MHz 14.000 029 MHz 
50.000 00 MHz 49.999 972 MHz 
144.000 00 MHz 143.999 903 MHz 
430.000 00 MHz 430.000 266 MHz 
430.000 00 MHz 430.000 064 MHz 


430.000 00 MHz 430.001 563 MHz 


Spectral Purity Test: 


Test Description: All transmitters emit some signals outside their assigned frequency or frequency range. These signals are 
known as spurious emissions or "spurs." Part 97 of the FCC rules and regulations specify the amount of spurious emissions 
that can be emitted by a transmitter operating in the Amateur Radio Service. The ARRL Laboratory uses a spectrum analyze 
to measure the spurious emission on each band on which a transmitter can operate. The transmitter is tested across the band 
and the worst-case spectral purity on each band is captured from the spectrum analyzer and stored on disk. Spectral purity is 
reported in dBc, meaning dB relative to the transmitted carrier. 


The graphs and tables indicate the relative level of any spurious emissions from the transmitter. The lower that level, 
expressed in dB relative to the output carrier, the better the transmitter is. Soa transmitter whose spurious emissions are -60 
dBc is spectrally cleaner than is one whose spurious emissions are -30 dBc. FCC Part 97 regulations governing spectral 
purity are contained in 97.307 of the FCC rules. Information about all amateur rules and regulations is found in the ARRL 
FCC Rule Book. Additional information about the decibel is found in the ARRL Handbook. 


Key Test Conditions: 

Unit is operated at nominal supply voltage and temperature. 

Output power is adjusted to full power on each amateur band. 

A second measurement is taken at minimum power to ensure that the spectral output is still legal at low power. 
The level to the spectrum analyzer is —10 dBm maximum. 

The resolution bandwidth of the spectrum analyzer is 10 kHz on HF, !00 kHz on VHF, | MHz on UHP. 
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CAUTION!: Power must only be applicd to 
the attenuator Input! Do not reverse input 
and output terminals of the Bird 8329. 
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Transmit Two-Tone IMD Test: 


Test Description: Investigating the sidebands from a modulated transmitter requires a narrow-band spectrum analysis. In 
this test, a two-tone test signal is used to modulate the transmitter. The display shows the two test tones plus some of the 
IMD products produced by the SSB transmitter. In the ARRL Lab, a two-tone test signal with frequencies of 700 and 1900 
Hz is used to modulate the transmitter. These frequencies were selected to be within the audio passband of the typical 
transmitter, resulting in a meaningful display of transmitter IMD. The intermodulation products appear on the spectral plot 
above and below the twotones. The lower the intermodulation products, the better the transmitter. In general, it is the 
products that are farthest removed from the two tones (typically > 3 kHz away) that cause the most problems. These can 
cause splatter up and down the band from strong signals. 


Key Test Conditions: 

Transmitter operated at rated output power. Audio tones and drive level adjusted for best performance. Audio tones 700 and 
1900 Hz. Both audio tones adjusted for equal RF output. Level to spectrum analyzer, —!0 dBm nominal, +10 dBm 
maximum. Resolution bandwidth, 10 Hz 


Block Diagram: 


CAUTION!: Power must only be applicd to 
the attcnuator input! Do not reverse input 
and output terminals of the Bird 8329. 
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Transmit IMD Graphs 
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SSB Carrier and Unwanted Sideband Suppression Test: 


Test Description: The purpose of the SSB Carrier and opposite-sideband Suppression test is to determine the level of 
carrier and unwanted sideband suppression relative to Peak Envelope Power (PEP). The transmitter output is observed on the 
spectrum analyzer and the unwanted components are compared to the desired sideband. The level to the spectrum analyzer is 
-{0 dBm nominal. The measurement bandwidth is 100 Hz. The greater the amount of suppression, the better the transmitter. 
For example, opposite sideband suppression of 60 dB is better than suppression of 50 dB. 


Test Results: 


14.2 MHz < —65/-60 d 


50.2 MHz < -62/-59 d < —64/-67 d 
144.2 MHz < -67/-60 d < —69/-67 d 
432.2 MHz < —64/-62 d < —66/—67 d 


CW Keying Waveform Test: 


Test Description: The purpose of the CW Keying Waveform Test is to determine the rise and fall times forthe 10% to the 
90% point of the device under test's RF output envelope in the CW mode. The on and off delay times from key closure to RF 
output are also measured. If the transmitter under test has several CW modes, (i.e. VOX, QSK) these measurements is made 
at rated output power for each mode. A picture of the oscilloscope screen is taken of the results with the QSK off, and in the 
VOX mode showing the first dit, and any other test conditions that result in a waveshape that is significantly different from 
the others (more than 10% difference, spikes, etc.). The first and second dits are shown in all modes. 


If the risetime or falltime become too short, the transmitter will generate key clicks. Most click-free transmitters have a rise 
and fall time between | ms and 5 ms. The absolute value of the on delay and off delay are not critical, but it is important that 
they be approximately the same so that CW weighting will not be affected. 


Some transmitters used in the VOX mode exhibit a first dit that is shorter than subsequent dits. Other transmitters can sho 
significant shortening of all dits when used in the QSK mode. The fatter will cause keying to sound choppy. 


The first dit foreshortening is expressed as a “weighting” number. In perfect keying, the weighting is 50%, meaning that the 
carrier is ON for 50% of the time. 


Key Test Conditions: 
The transmitter is operated at room temperature at rated out put power into a 50-ohm resistive load. The power supply voltage 
is nominal. Attenuators are adjusted to obtain 3 volts RMS to the oscilloscope. 


Test Result Summary: 


Captions (Figures on next pages): All Figures are 10 ms/division., unless otherwise noted. 
Figure |. This shows the first and second dits in Full QSK mode. 

Figure 2. This shows the first and second dits in Semi QSK mode. 

Figure 3. This shows the first and second dits in Full QSK mode, 20 watts output. 
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Transmit Keyer Speed Test: 


Test Description: This test measures the speed of the internal keyer on transmitters so equipped. The keyer is tests at 
minimum, midrange and maximum speeds and the time from dit to dit is measured using an oscilloscope and used to 
calculate the speed using the "Paris" method of code speed calculation. (In the Paris method, the word "Paris" is used as the 
_ standard word to calculate words per minute.) 


Keying sidetone test: 


Test Description: This test measures the audio frequency of the keyer sidetone. 


Test Result 


eet 
Notes: 


Transmit/Receive Turnaround Test: 


Test Description: The purpose of the Transmit/Receive turnaround test is to measure the delay required to switch from the 
transmit to the receive mode of a transceiver. 


Test Results: 


Nee 
|. T/R delay less than or equal to 35 ms is suitable for use on AMTOR. 


Transmit Delay Test 
Test Description: The purpose of the Transmit Delay test is to measure the time between PTT closure and 50% RF output. 
It is measured on SSB, modulated with a single tone and on FM, unmodulated. 


Test Result 
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Transmit Composite Noise Test: 


Test Description: The purpose of the Composite-Noise Test is to observe and measure the phase and amplitude noise, as 
well as any spurious signals generated by the device under test transmitter. Since phase noise is the primary noise component 
in any well-designed transmitter, it can be assumed, therefore, that almost all the noise obse ved during this test is phase 
noise. This measurement is accomplished by converting the output of the transmitter down to a frequency about 10 or 20 Hz 
above baseband, A mixer and a signal generator used as a local oscillator are used to perform this conversion. Filters remove 
the 0 Hz component as well as the unwanted heterodyne components. The remaining noise and spurious signals are then 
observed on the spectrum analyzer. 

The lower the noise as seen on the plot, the better the transmitter. 


Key Test Conditions: 


Transmitter operated at rated output power into a 50-ohm resistive load. 
Transmitter operated at room temperature. 

Frequencies from 2 to 22 kHz from the carrier are measured. 

Ten sweeps are averaged on the spectrum analyzer to reduce noise. 


Block Diagram: 


CAUTION!: PowER Must ONLY BL 
APPLIED TO THE ATTENUATOR INPUT! 
DO NOT REVERSE THE INPUT AND 
OUTPUT TERMINALS OF THL BIRD $329. 


RE SGNAL DUT RF RF POWLR 10 dB STEP | dB STLP 
GERERATOR WATTMETER ATTENUATOR ATTEKUATOR ATTENUATOR 
MARCONI 4031 | | TRANSMITTER BIRD 4381 BIRD 8329 HP 355D HP 355C 


QO PHASE LOCK SIGNAL 


LOW-NOISE 
AMPLIFIER 


COMPOSITE NOISE MIXER 


SPECTRUM 
ANALYZER 
HP 8563E 


14.02 MHz 
50.2 MHz 

144.2 MHz 
432.2 MHz 


Notes: 
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Transmit Composite Noise Graphs: 
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Frequency Sweep: 2 to 22 kHz from Carrier 


ICOM IC-708Mkil G 01874 
3.520 MHz, Phase Noise, 100 W 
F:ASHARED\PROD_REViTESTSYC706GWC708P 80.TXT 


Reference Level: - 60 dBc/H. 
Vertical Scale: dBo/Hiz 
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14.020 MHz, Phase Noise, 
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Frequency Sweep: 2 to 22 kHz from Carrier 
{COM IC-708Mkil G 01674 
50.020 MHz, Phase Noise, 1 
F:\GHARED;PROD_! NET ESTaYCTOSGY C706P8M.TXT 


= Level: - 60 cB 


Vertical Scale: dBc/Hz 
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Frequency Sweep: 2 to 22 kHz from Carrier 
ICOM IC-708MkI! G 01674 
144.020 MHz, Phase Noise. 50 W 
FASHAREDIPROD_I REV TESTSCTOSGICTOSPZM, TXT 


2 4 6 B10 12) 14 16.18 20), 22 


Frequency Sweep: 2 to 22 kHz from Carrier 
(COM IC-706MkI! G 01674 
432,020 MHz, Phase Noise, 20 W 
E \SHAREDiPROD_REWTE STSYC7OBGYC7O6P70.TXT 
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Receiver Noise Floor (Minimum Discernible Signal) Test: 


Test Description: The noise floor ofa receiver is the level of input signal that gives a desired audio output level that is equal 
to the noise output level. This is sometimes called "minimum discernible signal * (MDS), although a skilled operator can 
detect a signal up to 10 dB or so below the noise floor. Most modern receivers have a noise floor within a few dB of "perfect." 
A perfect receiver would hear only the noise of a resistor at room temperature. However, especially for HF receiving systems, 
the system noise is rarely determined by the receiver. In most cases, external noise is many dB higher than the receiver's 
internal noise. In this case, it is the external factors that determine the system noise performance. Making the receiver more 
sensitive willonly allow it to hear more noise. It will also be more prone to overload. In many cases, especially in the lowe 
HF bands, receiver performance can be improved by sacrificing unneeded sensitivity by placing an attenuator in front of the 
receiver. The more negative the sensitivity number expressed in dBm, or the smatler the number expressed in voltage, the 
better the receiver. 


Key Test Conditions: 
50-ohm source impedance for generators.; Receiver audio output to be terminated with specified impedance. 
Receiver is tested using 500 Hz bandwidth, or closest available bandwidth to 500 Hz. 


Block Diagram: 


HI-Z 
MONITOR AMP 


RF SIGNAL 10dB STLP 1 dB STLP AUDIO! 
GEKERATOR ATYLENUEATOR ATTERLATOR DUT DISTORTION 
RECLIVER METER 


& MARCONI 2041 HP 355D HP 355C HP 339A 


Noise Floor: 


Notes: 
@) !. Unit operated at 12.5 V de. (Only performed on units that are specified to operate from 12-14 V de source. 
“< 2. Unit operated at -10C. (Only performed on mobile or portable units) 
3. Unit operated at +60C. (Only performed on mobile or portable units) 
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The amazing evolution of the ‘706’ series... 


Icom Inc. 


iC—70O6 


This ground-breaking transceiver offered mobile-sized com- 
pactness—including a detachable front panel, with base sta- 
tion class performance and features. And all mode operation 
from the HF bands to VHF. 


er 
te 
? |) 8 
| | 
C 


ema core rf x 


iIC—7OG6MKH 


The IC-706MKIl incorporated all of the wizardry of the IC- 
706 with refined features and user-friendliness, as well 
as enhanced performance. 


The IC-706MKUG car- 
ries on the ‘706’ series — 
tradition of base station — 


7m §OSP —— ——,_ |i 

performance and 1 le Ct iE 
; a. Se ee ae] 
features In a mo- aL RIT |g S00tttttneonee tt 


{| = dead ot arneireees 


bile rig-sized pack- J ovocs | QSL 
age. Building on this i 
legacy, frequency cover- 
age is expanded to the 70 cm band and 
output power is increased for the 2 m 
band. A long list of enhancements, both 
to usability and performance, as well as 
added features and functions have pro- 
duced the latest in the evolution of the 
‘706’ series. 


ic 7oGMinG_ (H(t 


10 —_ 


HF to 70 cm band coverage 
Operating frequency range has been ex- 
panded to the 70 cm band. Of course, all 
mode operation (SSB, CW, RTTY, AM and FM) 
is possible and a full 100 W of output power 
is available for HF and 6 m operation; 50 W 
for 2 m and 20 W for 70 cm operation. 


High stability transmitter 
MOS-FET power amplifiers are employed 
at the PA unit for all HF, 6 m, 2 m and 70 
cm bands. And, a one piece aluminum, die- 
cast chassis with a large cooling fan is em- 
ployed. This combination provides stable, 
high quality output with low IMD and low 
spurious emissions even during full duty 
cycle and extended operation. 


144 MHz band |” 
~ 430(440) MHz band |" 
10 20 30 40 50 60 
Measuring mode: RTTY Time (minutes) 


Illuminated keys and switches 
Backlighting of keys and switches is a great 
help during nighttime operation—the inten- 
sity is even adjustable! 


Tone squelch standard 

Tone squelch operation is available in FM 
mode for basic signalling and quiet standby. 
Tone frequencies can be set independently 
for tone squelch (Tx/Rx) and repeater 
tones, and a range of 50 frequencies is 
available. A tone scan function is available 
to search for a repeater’s access tone 
quickly and easily. 


DSP features 

DSP capabilities are available*. These in- 
clude noise reduc- 
tion and auto notch 
functions. Superior 
receive quality in 
your shack, vehicle 
or during DX’pedi- 
tions. 

*AF DSP; UT-106 psp UNIT required for some versions. 


Compact with detachable panel*' 
The IC-706MKIIG is very compact at 
167(W) x 58(H) x 200(D) mm”** and weighs 
a mere 2.5 kg**, making it ideal for DX’- 
peditions, etc. A detachable front panel al- 
lows easy installation in your shack or ina 
wide variety of mobile applications. 

“An optional separation cable is required; 
*269/6(W)x292(H)x77(D) in; *°5.5 Ib. 


Automatic repeater function* 

An automatic repeater function is available 
and repeater frequencies can be pro- 
grammed via a special operation. This elim- 
inates the need for repeater settings for 6 
m, 2 m or 70 cm repeater operation. 
*Standard for USA version; programming re- 
quired for others. 


Optional high frequency stability 


+0.5 ppm of high frequency stability is pro- 
vided when an optional CR-282 HIGH STA- 
BILITY CRYSTAL UNIT is installed. 


Simple operation 

The individual band change key, a sub dial 
and quick band change capability provide 
simple operation. The individual band 
change key allows quick and easy QSY, the 
sub dial enhances mobile and memory op- 
eration, and the quick band change capa- 
bility selects pre-set frequency bands with 
the last-used frequency and mode. Also, 
each band can store preamplifier/attenua- 
tor and tuner on/off settings. 


Simple band scope function 

This function sweeps +14 steps from the 
displayed frequency and plots received sig- 
nal strength on the function display. This 
function is useful not only for checking HF 
band conditions, but use 

also seeking vacant eee 
frequencies during | « peer 
VHF or UHF FM oper- (8 
ation. 


St.305 7 9 


Narrow FM capability 

For FM operation on the 10 m or the 2 m 
(where narrow FM is required) bands, the 
IC-706MKIIG has narrow FM capability that 
allows you to take advantage of this oper- 
ating mode. 


107 memory channels with al- 
phanumeric name capability 

99 channels can memorize both transmit 
and receive frequencies separately; 6 chan- 
nels are for programmed scan edges; and 
2 channels are for call memory for the 2 m 
and 70 cm bands. And, up to 9-character 
alphanumeric names can be programmed 
into each memory channel. 


And more... 

¢ Up to 3 selectable passband widths ¢ Built-in 
electronic keyer * CW reverse function ¢ Ad- 
justable CW pitch ¢ Full break-in (QSK) ¢ IF shift 
interference rejection * Superior audio charac- 
teristics * Continuously adjustable RF output 
power * VOX «AF speech compressor ¢ RF 
gain control * Adjustable SSB carrier point * 4 
scan types * Noise blanker ¢ Receiver protection 
circuit e RIT * Selectable AGC time constant 
* Optional voice synthesizer *ClI-V capabil- 
ity * Digital, multi-function S/RF meter * Optional 
antenna tuners (control circuit built-in) 


HF/VHF/UHF ALL MODE TRANSCEIVER 


IC—7OGMKUG 


SPECIFICATIONS 
a Ga |. 


« Frequency coverage 


3 * Output power 
0.030-199.999 MHz* 


after power on. After that rate of stability less 
than +1 ppm/hr. at +25°C (+77°F). Tempera- 
ture fluctuations 0°C to +50°C (+32°F to 


+122°F) less than +5 ppm. e Receive system 


« Usable temp. range :-10°C to 60°C (14°F to 140°F) 

* Dimensions : 167(W) x 58(H) x 200(D) mm 
(projections not included) | 6%/6(W) x 2%2(H) x 77(D) in 

¢ Weight : 2.45 kg (5 Ib 6 oz) 

* Cl-V connector : 2-conductor 3.5 (d) mm (%’) 


¢ ACC connector : 13-pin 


OPTIONS 


¢IC-PW1 HF+50 MHz 1 kW HF LINEAR AMPLIFIER 


dard. 2 exciter inputs are available. (An optional OPC-599 is required.) 


Wi 


¢ MB-62 MOBILE MOUNTING 
BRACKET 

For mounting the IC-706MKIIG 

main unit or the AT-180. 


BRACKET 


panel. 


¢ UT-106 DSP UNIT 

Provides AF DSP functions such 
as noise reduction and auto notch. 
Built-in to some versions. 


9 MHz FILTERS 


vide you with better reception. 


All stated specifications are subject to change without notice or obligations. 


Covers all HF and 50 MHz bands, provides clean, stable 1 kW output. 
Automatic antenna tuner and compact detachable controller are stan- 


¢ MB-63 MOBILE MOUNTING 


For mounting the detached front 


Have good shape factor and pro- 


* Current drain : Transmit max.power  20A SSB/CW/AM/WFM Double superheterodyne 
Receive standby 1.8A FM Triple superheterodyne 
max. audio 20A ¢ Intermediate frequencies: 


69.0115 


(Unit: MHz; *FM only) 


9.0115 


* Receive sensitivity (preamp on; except 4—4.5 and 8-9 MHz): 


lisa Ceres ee Cees [CT SSB/CwrRTTY/EM [AM _ | EE a Ee 
ransmi 8-1. 5-3. 
7.0-7.300 MHz 40.1-10.150 MHz HF/SO MHz 5-100 W 250M. = ois | 20yv | 
14.0-14.350 MHz 18.068-18.168 MHz 2.5-50 W 2-20 W 28-29.7 MHz | OS VA in 
21.0-21.450 MHz 24.89-24.990 MHz 440 MHz 2-20 W SO0MHzband| 0.12uv | 10pv | o25spv | — | 
srr es rae % Fe OEE 4 ¢ Modulation system : SSB Balanced modulation 76-108 MHz a a 10.0 pV 
eRe CORI ieee : 2 AM Low level modulation 144/440 MHz | 4 44 yy Ona Oe 
Mod ee ce eco AM. FM. WEM FM Variable reactance modulation band UE he BS 
* Mode : , LSB, CW, , AM, FM, Fs : aise ; = . — 
(Rx only) Spurious omissions Lees than 60 dB ¢ Squelch sensitivity :SSB Less than 5.6 uV 
¢ No. of memory ch. : 107 (99 regular, 6 scan edges, 2 call channels) 5 ee ees = aan a CERO) Milnes SUES (threshold) FM Less than 0.3 pV 
*Antenna connector — : SO-239x2 (for HF/S0 MHz and 144/430 pq, PET EON | EE * Selectivity (normal setting): 
MHz)/50 Q : a ape ; SSB, CW, RTTY More than 2.4 kHz/-6 dB 
; ¢ Microphone connector: 8-pin modular jack (600 ) he 
¢ Power supply requirement: 4 Less than 4.8 kHz/-60 dB 
; . e KEY connector : 3-conductor 6.35 (d) mm (4) e sy 
USHA O) * RTTY connector : 3-conductor 3.5 (d) mm (4) AEN Moreiihan $0 Ea 
* Frequency stability : Less than +7 ppm from 1 min. to 60 min. 2 ; Less than 30 kHz/—36 dB 
FM More than 12 kHz/-6 dB 


Less than 30 kHz/—50 dB 

¢ Spurious and image rejection ratio: 

SSB/CW/AM More than 70 dB* 

FM HF/50 MHz More than 70 dB* 

144/440 MHz More than 60 dB 

“Except IF through on 50 MHz band. 

¢ Audio output power : More than 2.0 W (at 13.8 V DC) 
¢ RIT variable range :+9.99 kHz 


3rd 
0.455* 


69.0106 


RTTY 


¢ AH-2b ANTENNA ELEMENT 
For mobile operation with the AH- 
4. All bands between 7-54 MHz 
can be matched. 


¢ MB-65 MOUNTING BASE 
For mounting the detached front 
panel in a vehicle. The MB-63 is 
required. 


9.0106 aa 


e AH-4 HF+50 MHz AUTO- 

MATIC ANTENNA TUNER 
Covers 3.5-54 MHz with a 7m 
(23 ft) or longer wire antenna. 


¢ OPC-581/OPC-587 
SEPARATION CABLES 

Provides separate operation. 

OPC-581: 3.5 m (11 ft) 


¢PHONES connector — : 3-conductor 3.5 (d) mm (%’) 
¢ EXT SP connector : 2-conductor 3.5 (d) mm/(%J/8 Q 


eevee] 60.0105 | e015 | — | 


Supplied accessories: 


¢ Hand microphone * DC power cable 
¢RTTY key plug ¢ Electronic keyer plug 


¢ Spare fuses 
* ACC cable 


* PS-85 DC POWER SUPPLY 
Output: 13.8 V DC (20 A max.) 


e AT-180 HF+50 MHz AUTO- 
MATIC ANTENNA TUNER 


Style and size are matched to the 
IC-706MKIIG. 


e SM-8 DESKTOP 
MICROPHONE 

Equipped with 2 connection cables. 

(An optional OPC-599 is required.) 


¢ SM-20 DESKTOP 
MICROPHONE 

High quality desktop microphone. 

(An optional OPC-599 is required.) 


OPC-587: 5 m (16 ft) 


¢ FL-100 500 Hz/-6 dB 
(CW/RTTY nar.) 

¢ FL-101 250 Hz/-6 dB 
(CW nar.) 

¢ FL-103 2.8 kHz/-6 dB 
(SSB wide) 

¢ FL-223 1.9 kHz/-6 dB 
(SSB nar.) 

¢ FL-232 350 Hz/-6 dB 
(CW/RTTY nar.) 


¢ MB-72 CARRYING HANDLE 


Convenient when for DX’pedi- 
tions, operating in the field, etc. 


¢ CR-282 HIGH STABILITY CRYSTAL UNIT 

¢ CT-16 SATELLITE INTERFACE UNIT 

¢ CT-17 Cl-V LEVEL CONVERTER 

¢ HM-103 HAND MICROPHONE (same as supplied) 
¢ OPC-599 MODULAR 8-PIN CABLE ADAPTER 
¢ OPC-598 ACC 13 PIN CABLE FOR AT-180 

* OPC-599 ACC 13 PIN CABLE ADAPTER 

* OPC-742 ACC 13 PIN CABLES 

e SP-7 EXTERNAL SPEAKER 

e SP-10 EXTERNAL SPEAKER 

¢ SP-12 EXTERNAL SPEAKER 

¢ UT-102 VOICE SYNTHESIZER UNIT 


Icom Inc. 


6-9-16, Kamihigashi, Hirano-ku, Osaka 547-0002, Japan 


Phone: 06 6793 5302 Fax: 06 6793 0013 


Count on us! 


Icom America Inc. 

<Corporate Headquarters> 

2380 116th Avenue N.E., Bellevue, WA 98004, U.S.A. 
Phone: (425) 454-8155 Fax : (425) 454-1509 

URL : http://www.icomamerica.com 

<Customer Service> 

Phone: (425) 454-7619 


Icom Canada 


A Division of lcom America Inc. 
3071 #5 Road, Unit 9, Richmond, B.C., V6X 2T4, Canada 
Phone: (604) 273-7400 Fax : (604) 273-1900 


Icom (Australia) Pty. Ltd. 


A.C.N. 006 092 575 

290-294 Albert Street, Brunswick, Victoria, 3056, Australia 
Phone : 03 9387 0666 Fax : 03 9387 0022 

URL_ : http://www.icom.net.au 


Asia Icom Inc. 


6F No. 68, Sec. 1 Cheng-Teh Road, Taipei, Taiwan R.O.C. 
Phone: (02) 2559 1899 Fax: (02) 2559 1874 


Icom (Europe) GmbH 

Communication Equipment 

Himmelgeister Str. 100, D-40225 Dusseldorf, Germany 
Phone: 0211 346047 Fax : 0211 333639 

URL : http://www.icomeurope.com 


Icom Spain S.L. 

Crta. de Gracia a Manresa Km. 14,750 

08190 Sant Cugat del Valles Barcelona, SPAIN 
Phone: (93) 589 46 82 Fax : (93) 589 04 46 
E-mail : icom @lleida.com 


Icom (UK) Ltd. 

Unit 9, Sea St., Herne Bay, Kent, CT6 8LD, U.K. 
Phone: 01227 741741 Fax : 01227 741742 
URL — : http://www.icomuk.co.uk 


Icom France Sa 


Zac de la Plaine, Rue Brindejonc des Moulinais 
BP 5804, 31505 Toulouse Cedex, France 
Phone: 561 360303 Fax: 561 36 03 00 
URL : http://www.icom-france.com 


Icom Inc. (Japan), is an 
1SO9001 certification 
acquired company. 


NATIONAL 
ACCREDITATION 
OF CERTIFICATION 
BODIES 


Certificate Number Q14190 


Your local distributor/dealer: 


98YT0030 © 1998 Icom Inc. Printed in Japan 


Receive Frequency Range: 


Test Description: This test measures the tuning range of the receiver. The range expressed is the range over which the 
receiver can be tuned. Most receivers exhibit some degradation of sensitivity near the limits of their tuning range. In cases 
where this degradation renders the receiver unusable, we report both the actual and useful tuning range. 


Test Results: 


470.00000MHz |-1421dBm |i 


—124.2 dBm 
2.19 uv 
162 MHz 0.149 pV 


Notes: 
|. Tuning ranges are 0.03-200 MHz and 400-470 MHz. 


AM Sensitivity Test: 


Test Description: The purpose of the AM receive Sensitivity Test is to determine the level of an AM signal, 30% modulated 
at | kHz, that results in a tone [0 dB above the noise level (MDS) of the receiver. Two frequencies, 1.020 MHz and 3.800 
MHz are used for this test. The more negative the number, expressed in dBm, or the smaller the number expressed in 
voltage, the better the sensitivity. 


120 MHz (aircraft) 
120 MHz (aircraft) 
146 MHz 
146 MHz 
440 MHz 
440 MHz 


Notes: 
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FM SINAD and Quieting Test: 


Test Description: The purpose of the FM SINAD and Quieting Test is to determine the following at a test frequency of 
29.000 MHz: 


1) The 12 dB SINAD value. 
SINAD is an acronym for "SIgnal! plus Noise And Distortion" and is a measure of signal quality. The exact 
expression for SINAD is the following: 


SINAD = Signal + Noise + Distortion (expressed in dB) 
Noise + Distortion 


If we consider distortion to be merely another form of noise, (distortion, like noise, is something unwanted added to the 
signal), we can further reduce the equation for SINAD to: 


SINAD = Signal + Noise (expressed in dB) 
Noise 


If we now consider a practical circuit in which the signal is much greater than the noise, the value of the SIGNAL + 
NOISE can be approximated by the level of the SIGNAL alone. The SINAD equation then becomes the signal to 
noise ratio. The approximation now becomes: 


SINAD = Signal (expressed in dB) 
Noise 


For the 25% level of distortion used in this test, the SINAD value can be calculated as follows: 
) SINAD = 20 log (1/25%) = 20 log 4 = 12d 


2) The level of unmodulated input signal that produces 10 dB of quieting if specified by the manufacturer. 
3) The level of unmodulated input signal that produces 20 dB of quieting if spec ified by the manufacturer. 


The more negative the number, expressed in dBm, or the smaller the number, expressed as voltage, the better the sensitivity. 


Test Results: 


29.0 MHz 
52.0 MHz 
52.0 MHz 


52.0 MHz 
52.0 MHz 
100.0 MHz 
100.0 MHz 
100.0 MHz 
100.0 MHz 
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FM eter Test Results Continued: 


146.0 MHz 
146.0 MHz 
146.0 MHz 


440.0 MHz 
440.0 MHz 
440.0 MHz 
440.0 MHz 


Notes: 
|. Level for 12 dB SINAD. The FM quieting test is performed only if needed to verify a manufacturer's specification. 
2. FM broadcast band. 


Blocking Dynamic Range Test: 


Test Description: Dynamic range is a measurement of a receiver's ability to function well on one frequency in the presence 
of one or more unwanted signals on other frequency. It is essentially a measurement of the difference between a receiver's 
noise floor and the loudest off-channel signal that can be accommodated without measurable degradation of the receiver's 
response to a relatively weak signal to which it is tuned. This difference is usually expressed in dB. Thus, a receiver with a 
dynamic range of 100 dB would be able to tolerate an off-channel signal 100 dB stronger than the receiver's noise floor. 


In the case of blocking dynamic range, the degradation criterion is receiver desense. Blocking dynamic range (BDR) is the 
difference, in dB, between the noise floor and a off-channel signal that causes | dB of gain compression in the receiver. It 
indicates the signal level, above the noise floor, that begins to cause desensitization. BDR is calculated by subtracting the 
noise floor from the level of undesired signal that produces a |-dB decrease in a weak desired signal. It is expressed in dB. 
The greater the dynamic range, ex pressed in dB, the better the receiver performance. It is usual for the dynamic range to vary 
with frequency spacing. 


Key Test Conditions: 

AGC is normally turned off; the receiver is operated in its linear region. Desired signal setto 10 dB below the I-d 
compression point, or 20 dB above the noise floor in receivers whose AGC cannot be disabled. The receiver bandwidth is set 
as close as possible to 500 Hz. 


Block Diagram: 


RE SIGNAL HI-Z 
GENERATOR MONITOR AMP 


MARCON) 2041 


10 dB STLP | dB StTLp AUDIO/ 
ATTENUATOR ATTERCATOR DUT DISTORTION 
RECLIVER METER 


2-PORT 
COUPLER 


MCL ZSPC 2-6 HP 355D HP 355C HP 339A 


RP SIGNAL 
GENERATOR 


HP 8640B 


ARRL Laboratory Expanded Test-Result Report Model: ICOM IC-706 MkII G Serial: 01674 
Copyright 1999, American Radio Relay League, Inc. All Rights Reserved. 
Page 24 


OBL P 
1ea.0 . ~ CTW }. 
(eS.0) WOSAAM 
221.0) WORAAM 
ec; y > BGIW 
- POA.0 | Ac 
aac | WOARAM | 
221.01 WORMTAM 


notteon wege a wwhosturmen (titoV OF bebson Ti vine borno}ieg “btu aniteinp M4 odT WCAMTS abi 


veoT sensh oimanyG an 


cue Da one rpatt sao ne Tow er lomt ot viilide vey nos # to Inde iens ata Diemer] ¢ 

Awvioon A nsewisd sonst ib ol Yo Resarwanem 8 yteiiasans ai HT CIOs VOTO HO elanng ie baseeieeily . 
eta ivse7 od! to mois bath sis tveriw batwbormimoeses sd asp deed lean loony fe abvel ot baw 

u tiiw wyiseste vod? Ab ni beeeigxs yieved ai sonrsttib «idT . beset 211) dautw oY lemeie dws vlovitslors € 

oolt seicia eoviesont olf mad! inode & 1) fergie tonne ho rms sha valor of ate sd blow" &b 001 Yes iN 


ad ei (ACE) oun sienyirel yoldvolfl samoasb 19viv00 4 noerextirs nvitsbaryol tt goon seach iol a 

Hl vovisos ot ni ooivesiqewn niny to Ab cseuns hult lenyia senarly- Te & haetas root tiem set! ngewe, ab ni 

yl pilin ilu ye botuloobss «i ACH nodesitinnsesh seuny of eniyed parlt cook suion sit svods Jovst loagix site 

Tb wi bows vi fl Akngiz béniash Asew o nb skab Bb-1 & wroubeng tet dunia botbeiba to loved ott end 
Yisv OF sunw? ciominyb sft vot legen x 1 cp asin Tyvisos 40 Tanto ovlt Alb mi DseKsTG RS | outa Sirti sci 


ae ie 
: , | | wis 


‘bi set wolsd Gb OF of soa lunyia bone! poly isenil xii mi batersqo 41 visu afr Pe bom Yb 
tax ai Asbiwbmed vvisoer 3dT shan! b 3A roan y vA atid HY a Hi 190R sierra sveds Gh OL 2 phony . 


; * | 
} S- iH a =F) 
|) We RGA DO | ‘A 
nn name anny i scircisigiansliadceiatl pou Neen. Oe See 
; oH 1A | » La RN : 
| Warmed ©} bin fe. ea HOV ALASIVA ; 
1 | aM a a, ate _ evuraua a 
|| APELaM Bee y . Deer aH 
+ be oan ™ acscaslihses sapmeiimiat sii j i 
. pri, | 
f 
ee “A 
i ach f 
, 
| | 
Eo aeRO Wiad RR Coy ra ; 
a wi A PAC 


erate tang2'd id a SOOT Habe . 
mabe sh ‘ama 


432.02 MHz 
Notes: 
!. 500 Hz receiver bandwidth for all tests. 
* Tndicates that measurement was noise limited at values shown 


Two-Tone 3rd-Order Dynamic Range Test: 


Test Description: Intermodulation distortion dynamic range (IMD DR) measures the impact of two-tone IMD on a 
receiver. IMD is the production of spurious responses resulting from the mixing of desired and undesired signals in a 
receiver. IMD occurs in any receiver when signals of sufficient magnitude are present. IMD DR is the difference, in dB, 
between the noise floor and the strength of two equal off-channel signals that produce a third-order product equal to the noise 
floor. 


Tn the case of two-tone, third-order dynamic range, the degradation criterion is a receiver spurious response. If the receive 
generates a third-order response equal to the receiver's noise floor to two off-channel signals, the difference between the noise 
floor and the level of one of the off-channel signals is the blocking dynamic range. 


This test determines the range of signals that can be tolerated by the device under test while producing essentially no 
undesired spurious responses. To perform the 3“ Order test, two signals of equal amplitude and spaced 20 kHz apart, are 
injected into the input of the receiver. If we call these frequencies f, and f,, the third-order products will appear at frequencies 
of (2f,-f2) and (2f>-f;). 


The greater the dynamic range, ex pressed in dB, or the higher the intercept point, the better the performance. 


Key Test Conditions: 
Sufficient attenuation and isolation must exist between the two signal generators. The two-port coupler must be terminated 
in a 20-dB return loss load. The receiver is set as close as possible to 500 Hz bandwidth. 
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Block Diagram: 


RP SIGNAL HI-Z 
GENERATOR MONITOR AMP 


MARCONI 2041 


2_PORT 10 dB STLP 1 dB STLp AUDIOY 
COUPLER ATIENUEATOR ATTENLATOR DUT DISTORTION 
MCL ZSPC 2-6 , RECLIVER METER 
- HP 355D HP 355C HP 339A 


RF SIGNAL 
GEKLERATOR 


HP 8640B 


21.02 MHz 
28.02 MHz 
50.02 MHz 

50.02 MHz 

144.02 MHz 
144.02 MHz 
144.02 MHz 
432.02 MHz 
432.02 MHz 
432.02 MHz 


Notes: |. Unittested at 500 Hz bandwidth. 
* Indicates that the measurement was noise limited at values shown. 
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Dynamic Range Graphs: 


The following page shows one of the highlights of ARRL test result reports -- swept graphs on receiver 
two-tone, third-order IMD dynamic range and blocking dynamic range. These graphs are taken using 
National Instruments LabWindows CVI automated test software, with a custom program written by the 
ARRL Laboratory. 


Dynamic range measures the difference between a receiver's noise floor and the receiver's degradation in 
the presence of strong signals. In some cases, the receiver's noise performance causes receiver degradation 
before blocking or a spurious response is seen. In either case, if the noise floor is degraded by 1 dB due to 
the presence of receiver noise during the test, the dynamic range is said to be noise limited by the level o 
signal that caused the receiver noise response. A noise-limited condition is indicated inthe QST "Product 
Review" test-result tables. The Laboratory is working on software changes that will show on the test- 
result graphs which specific frequencies were noise limited. These will be incorporated into future test- 
result reports. 


Being "noise limited” is not necessarily a bad thing. A receiver noise limited at a high level is better than a 
receiver whose dynamic range is lower than the noise-limited level. In essence, a receiver that is noise 
limited has a dynamic range that is better than its local-oscillator noise. Most of the best receivers are 
noise limited at rather high levels. 


The ARRL Laboratory has traditionally used off-channel signals spaced 20 kHz from the desired signal. 
This does allow easy comparisons between different receivers. There is nothing magical about the 20-kHz 
spacing, however. In nearly all receivers, the dynamic range varies with signal spacing, due to the specific 
design of the receiver. Most receivers have filter combinations that do some coarse filtering at RF and in 
the first IF, with additional filtering taking place in later IF or AF stages. As the signals get "inside" 
different filters in the receiver, the dynamic range decreases as the attenuation of the filter is no longer 
applied to the signal. Interestingly, the different filter shapes can sometimes be seen in the graphs o 
dynamic range of different receivers. In the case of the ARRL graphs, one can often see that the 20-kHz 
spacing falls on the slope of the curve. Many manufacturers specify dynamic range at 50 or 100 kHz. 


The computer is not as skilled (yet) at interpreting noisy readings as a good test engineer, so in some cases 
there are a few dB of difference between the computer-generated data and those in the "Product Review” 
tables. Our test engineer takes those number manually, carefully measuring levels and interpreting noise 
and other phenomena that can effect the test data. (We are still taking the two-tone IMD data manually.) 


The graphs that follow show swept blocking and two-tone dynamic range. In the blocking test, the 
receiver is tuned to a signal on 14.020 MHz, the center of the graph. The X axis is the frequency (MHz) 
of the undesired, off-channel signal. In the two-tone test, the receiver is tuned to a signal on 14.020 MHz, 
the center of the graph. The X axis is the frequency of the closer of the two tones that are creating 
intermodulation. 
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Dynamic-Range Graphs: 


Swept Blocking Dynamic Range 


13.820 13.920 14.020 14.120 14.220 


ICOM IC-706 Mkil G 01674 
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swept Two-Tone Third-Order IMD Dynamic Range 


13.820 13.920 14.020 14.120 14.220 
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Second-Order IMD Test: 


Test Description: This test measures the amount of 2nd-order mixing that takes place in the receiver. Signals at 6 and 8 
MHz are presented to the receiver and the resultant output at 14 MHz is measured. 


‘4: 02 MH “85. d "436.4 dBm 
14.02 MH. OW 89.5 d +38.5 dBm 


In-Band Receiver IMD Test: 


Test Description: This test measures the intermodulation that occurs between two signals that are simultaneously present in 
the passband of a receiver. Two signals, at levels of 50 UV (nominally S9), spaced 100 Hz are used. The receiver AGC is set 
to FAST. The receiver is tuned so the two signals appear at 900 Hz and | 100 Hz in the receiver audio. The output of the 
receiver is viewed on a spectrum analyzer and the 3rd- and Sth order products are measured directly from the screen. The 
smaller the products as seen on the graph, the better the receiver. Generally, products that are less than 30 dB below the 
desired tones will not be cause objectionable receiver intermodulation distortion. 


Key Test Conditions: 
$9 or S9 + 40 dB signals 
Receiver set to SSB normal mode, nominal 2 - 3 kHz bandwidth 


Block Diagram: 


RF SIGKAL HI-Z 
GENERATOR MONITOR AMP 


MARCON}) 2041 


erie 10dB STEP | dB SEP AUDIOY 
aay P : AVTILENLCATOR ATTENUATOR DUT DISTORTION 
COUPLER iA ets 
“L. ZSPC 2-6 : RECLIVER METER 
MCL 2 HP 355D HP 355C HP 339A 


RF SIGNAL 
GERERATOR 


HP 8640B 


Pe ae ae 


Notes: 
1. Test not performed on this unit. 
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FM Adjacent Channel Selectivity Test: 


Test Description: The purpose of the FM Adjacent Channel Selectivity Test is to measure the ability of the device unde 
test receiver to reject interference from individual undesired signals while receiving various levels of desired signal. The 
desired carrier signal will be at 29.000 MHz, modulated at 1000 Hz, and the offending signal will be located at adjacent 
nearby frequencies with 400 Hz modulation. (NOTE: The SINAD Test in 5.3 must be performed before this test can be 
completed.) The greater the number in dB, the better the rejection. 


Test Results: 


FM Two-Tone 3rd-Order Dynamic Range Test: 


Test Description: The purpose of the FM Two-Tone 3™ Order Dynamic Range Test is to determine the range of signals that 
can be tolerated by the device under testing the FM mode while producing no spurious responses greater than the |2-d 
SINAD level. To perform this test, two signals, f; and f,, of equal amplitude and spaced 20 kHz apart, are injected into the 
input of the receiver. The signal located 40 kHz from the distortion product being measured is modulated at | 000 Hz with a 
deviation of 3 kHz. The receiver is tuned to the Third Order IMD frequencies as determined by (2f,-f2) and (2f,-f,). The 
input signals are then raised simultaneously by equal amounts until 25 % distortion, or the 12 dB SINAD point, is obtained. 
Frequencies 10 MHz outside the amateur band are used to test the wide-band dynamic range. The greaterthe dynamic 
range, the better the receiver performance. 


Test Results: 


Notes: 

|. FM Narrow for alf tests in this table. 

2. Test is noise limited. In FM, this results in a reading that is somewhat inaccurate. The actual dynamic range is probabl 
a few dB worse than the figures indicated. While this may sound opposite of what is expected, the presence of noise means 
that a stronger signal is required to have a product equal to the measured SINAD and the result is a number that appears 
better than it would be if there were no noise. 
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Image Rejection Test: 


Test Description: This test measures the amount of image rejection for superheterodyne receivers b determining the level 
of signal input to the receiver at the first IF image frequencies that will produce an audio output equal to the MDS level. The 
test is conducted with the receiver in the CW mode using the 500 Hz, or closest available, IF filters. Any audio filtering is 
disabled and AGC is turned OFF, if possible. The test is performed with the receiver tuned to 14.020 MHz for receivers that 
have 20-meter capability, orto a frequency 20 kHz up from the lower band edge for single-band receivers. The greater the 
number in dB, the better the image rejection. 


Test Results: 


14.250 MHz 152.041 

50.2 MHz 188.041 MHz 
144.2 MHz 282.041 MHz 
432.2 MHz 568.0404 MHz 


Notes: 


IF Rejection Test: 


Test Description: This test measures the amount of first IF rejection for superheterodyne receivers b determining the level 
of signal input to the receiver at the first IF that will produce an audio output equal to the MDS level. The test is conducted 
with the receiver in the CW mode using the 500 Hz, or closest available, IF filters. Any audio filtering is disabled and AGC 
is turned OFF, if possible. The test is performed with the receiver tuned to 14.020 MHz for receivers that have 20-mete 
capability, or to a frequency 20 kHz up from the lower band edge for single-band receivers. The greater the number in dB, 
the better the IF rejection. 


Test Results: 


14.250 MHz 


50.2 MHz 
144.2 MHz 
432.2 MHz 


Notes: 
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Audio Output Power Test: 


Test Description: This test measures the audio power delivered by the receiver. The manufacturer's specification for load 
and distortion are used. For units not specified, an 8-ohm Joad and 10% harmonic distortion are used. 


Test Results: 


10% T.HD. 


Notes: 


IF + Audio Frequency Response Test: 


Test Description: The purpose of the IF + Audio Frequency Response Test is to measure the audio frequencies at which the 
receiver audio drops 6 dB from the peak signal response. The freguency-response bandwidth is then calculated by taking the 
difference between the lower and upper frequency. 


Test Results: 


2667 Hz 
2860 Hz 


Notes: 


Squelch Sensitivity Test: 


Test Description: The purpose of the Squelch Sensitivity Test is to determine the level of the input signal required to break 
squelch at the threshold and at the point of maximum squelch. This number is not usually critical. A result anywhere 
between 0.05 and 0.5 LV is usually useful. The maximum can range to infinity. 


Test Results: 


0.113 LV 
0.06 LV 


0.063 WV 
0.06 WV 
1.35 nV 


Notes: 


ARRL Laboratory Expanded Test-Result Report Model: ICOM IC-706 MkII G Serial: 01674 
Copyright 1999, American Radio Relay League, Inc. All Rights Reserved. 
Page 33 


ie ae ay eo 190 


Ar 


bul wit moter rosqe esuusnetyaben orig tavieeooT or ediines vi POT vibus ‘at conven vee 


=p, 


2 pes ; 
f ae - Sar aneramerante a ayers SS 
: alt egies 
~ ‘ 


stesiT senogeo gouauparil of ib : j 


fli tai iy in coigesupett oibas o: LY SIMEROC UF ick Be oT sant rps to oma TE i bass + idt'ta  saqpusg ofT Ee 
ait yatdat.yd tatebvalao aod ai sivtivebnad apie si av conrauEreD ofl senoness lagyia ABM walt not, comb a ; re | 
ae waqu bere dilate ontt a3 


[ 23 rae se aa 
: 


peal scan 


ai GOTT 
sH TTOE: 
sEtTO8 | RB SHT Tt 
Ptah 
si Oa8t sh 


5 ait eivtens® 


2 


aed of baie oo, juqni will w lowed orl? snberenotiat ia msT gaia i meio Bil % nikaiog aaa 
orsdveyne thian A Awzitiva yisuen jon ai eden aiiT” halsdps mummies te wiog ont hy brs. ialiout s 
ctinttel of sqeuy aso euimixund ot't Artses sani “i venga 


Bore Rae are ie 
= i . 
crate Zh I x £1} : 


Vy tlio 


'. 


BT O10 shujaye O TIM Q0T- 21 MO deboN on 
. ‘ | Jrerenetl ait “tna 


S-Meter Test: 


Test Description: The purpose of the S-Meter Test is to determine the level of RF input signal required to produce an S9 
and $9+20 dB indication on the receiver S meter. This test is performed with the receiver in the CW mode at a frequency of 
14.200 MHz. The IF filter is set to 500 Hz, nominal. A traditional S9 signal is a level of 50 uV (an old Collins receive 
standard). The Collins standard S unit was 6 dB. This is , however, not a hard and fast rule, especially for LED or bar- 
graph type S meters. 


Test Results: 


Notch Filter Test: 


Test Description: This test measures the notch filter depth at | kHz audio and the time required for auto-notch DSP filters 
to detect and notch a signal. 


The more negative the notch depth number, the better the performance. 


Test Results: 


Other Tests: 


Temperature Chamber Test Description: 


All equipment that would normally be used outdoors are subjected to a function, output power and frequency accuracy test 
over its specified temperature range. For those units not specified, the unit is operated at -!0 and +60 degrees Celsius. These 
temperatures were chosen to represent typical specifications and typical outdoor use over most of the country. 


Duty Cycle Test Description: 


Most equipment does not specify a duty cycle. For this reason, most Product Review equipment is not subject to a specific 
duty cycle test. It is assumed that equipment without a duty-cycle specification is intended for conversational use on CW o 
SSB. The equipment sees considerable such use during the review process. If equipment does have a duty-cycle 
specification, such as “continuous,” “continuous commercial" or a specific time parameter, the equipment is tested against 
that specification. If the unit does not pass, this will be treated as a defect that occurred during the review. 
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